Abstract: Previous studies on active duration processing on sounds showed opposing results regarding the predominant involvement of the left or right hemisphere. Duration of an acoustic event is normally judged relative to other sounds. This requires sequential comparison as auditory events unfold over time. We hypothesized that increasing the demand on sequential comparison in a task increases the involvement of the left auditory cortex. With the current fMRI study, we investigated the effect of sequential comparison in active duration discrimination by comparing a categorical with a comparative task. During the categorical task, the participant had to categorize the tones according to their duration (short vs long). During the comparative task, they had to decide for each tone whether its length matched the tone presented before. We used the contralateral noise procedure to reveal the degree of participation of the left and right auditory cortex during these tasks. We found that both tasks more strongly involve the left than the right auditory cortex. Furthermore, the left auditory cortex was more strongly involved during comparison than during categorization. Together with previous studies, this suggests that additional demand for sequential comparison during processing of different basic acoustic parameters leads to an increased recruitment of the left auditory cortex. In addition, the comparison task more strongly involved several brain areas outside the auditory cortex, which may also be related to the demand for additional cognitive resources as compared to the more efficient categorization of sounds. Hum Brain Mapp 38:4459-4469, 2017.
INTRODUCTION
Duration is an important acoustic parameter for the perception of complex acoustic stimuli such as speech and music. Natural speech contains important temporal information at different time scales. Duration in the time scale of several hundreds of milliseconds as used in the current study conveys linguistic information that for example assists affricative-fricative distinction, syllabification, assignment of stress, differentiation of vowel identity, and detection of tempo and rhythm [Rosen, 1992] . Previous studies on lateralized processing in active tasks regarding sound duration showed controversial results. Psychoacoustic studies suggest either a left-lateralized [Brancucci et al., 2008; Grondin et al., 2011; Mills and Rollman, 1979] or right-lateralized [Buchtel et al., 1978] processing of sound duration. A transcranial magnetic stimulation (TMS) study showed that the right superior temporal gyrus is important for sound duration processing [Bueti et al., 2008] . From a positron emission tomography (PET) study, Belin et al. [2002] suggest two networks to be involved in the discrimination of duration: a right frontoparietal network for attentional processes and a network of right prefrontal cortex, basal ganglia, and cerebellum responsible for processing sound duration differences. An fMRI study showed increasing activity within the right temporal cortex with increasing accuracy of duration discrimination, but overall left lateralized activity [Reiterer et al., 2005] . Two other fMRI studies point to a left lateralized involvement of auditory cortex during duration categorization Puschmann et al., 2013] . Another fMRI study showed an involvement of the auditory cortices in both hemispheres during duration categorization [Angenstein and Brechmann, 2013a] .
There is no straightforward explanation of these differences since the studies used largely different stimuli, measurement protocols, and tasks, which all may contribute to differences in lateralization. For example, stimulus-based hypotheses on lateralized processing of temporal fine structure of sounds [Poeppel, 2003; Zatorre et al., 2002] do not solely explain the differences because studies with small [Grondin et al., 2011; Mills and Rollman, 1979] and large temporal differences [Brancucci et al., 2008; Brechmann et al., 2007; Puschmann et al., 2013] suggest a left lateralized involvement in duration processing. Thus, the task in conjunction with a given stimulus may be the driving force for the lateralization of processing [Angenstein and Brechmann, 2013a; Brechmann and Scheich, 2005; Scheich et al., 2007; Zatorre and Gandour, 2008] .
For example, in tasks requiring a direct comparison of the duration of two sounds, the majority of studies suggest a left-lateralized processing ( [Brancucci et al., 2008; Grondin et al., 2011; Mills and Rollman, 1979; Reiterer et al., 2005 ] but see Bueti et al. [2008] ). In contrast, studies in which the duration of sounds could be evaluated in a categorical manner led to controversial results with left lateralized Puschmann et al., 2013] or right lateralized results [Angenstein and Brechmann, 2013a; Buchtel et al., 1978] . A repetitive comparison of the duration of two sounds has a higher demand on sequential comparison than a categorical decision. The former requires the sequential update of the reference duration in memory, whereas during categorization, the reference durations of the different categories are fixed. Such differences in the demand on sequential processing may determine the degree of lateralization.
Sequential comparison is a prerequisite for the processing of the auditory environment (viz., speech and music) as auditory events unfold over time and basic acoustic parameters (e.g., intensity, duration, pitch) are normally judged in relation between parts of auditory events. Auditory sequential processing in general seems to strongly involve the left hemisphere and here mainly the auditory cortex [Bradshaw and Nettleton, 1981; Brechmann et al., 2007; Deike et al., 2004; Deike et al., 2010; LiegeoisChauvel et al., 1999; Rosenthal, 2016] . Specifically, we could show for the parameters direction of frequency modulation and intensity that the left auditory cortex is more strongly involved when tones have to be sequentially compared in addition to categorization Brechmann, 2013b,2015] .
The aim of the current study was to determine the effect of sequential comparison of duration on the lateralization of brain activity in the human auditory cortex. To differentiate between activation elicited by sequential processing from activation caused by extracting the duration of a given stimulus, we compared a comparison with a categorization task. We used two categories of sound duration that were easy to distinguish. This ensures that the sounds could really be categorized without any immediate comparison with previous sounds. In the categorization condition, each sound had to be assigned to one of the two categories. In the comparison condition, the listeners had to decide whether the actual sound belonged to the same or different duration category as the previous tone. The set of stimuli used in the two tasks were identical to determine task related differences. The tasks differed only in the demand on sequential processing since both tasks required the assignment of the duration of each tone to one of the two categories.
For determining the degree of lateralization of processing in the auditory cortex, we used the contralateral noise procedure [Angenstein and Brechmann, 2013a ,2013b Angenstein et al., 2016; Behne et al., 2005 Behne et al., , 2006 Stefanatos et al., 2008] . The method makes use of the contralaterality of the auditory pathway, where the contralateral pathway dominates and suppresses the ipsilateral one [Brancucci et al., 2004; Kaneko et al., 2003; Kimura, 1967] . For this method, task-relevant stimuli are presented monaurally without and with contralateral white noise. During ipsilateral presentation of the task-relevant stimuli, the addition of contralateral noise leads to an increase in activity in the auditory cortex that is involved in processing the given task. Consequently, the location of this activity increase due to the additional contralateral noise reveals the location of processing the given task. This method has the advantages that it does only require one set of stimuli in combination with one task and no direct comparison of activity between hemispheres in order to determine the location of task processing.
As the comparison task posed a higher demand on sequential processing than the categorization task, we hypothesized a stronger involvement of the left auditory cortex in the comparison task.
Based on a previous study on comparison vs categorization, we expected a stronger involvement of areas outside auditory cortex responsible for attention and response selection in the comparison task [Angenstein and Brechmann, 2015] . We hypothesized that in the comparison task, those areas are more strongly connected especially with the left auditory cortex than in the categorization task.
MATERIALS AND METHODS

Participants
Twenty right-handed volunteers (Edinburgh Handedness Inventory; laterality quotient 160) with normal r Angenstein and Brechmann r r 4460 r hearing (audiograms with absolute thresholds 20 dB hearing level from 125 Hz to 6 kHz, interaural difference at each tested frequency 10 dB) participated in the current study. Participants (age 22-30 years, mean age 25 years, 9 females) gave written informed consent to the study that was approved by the ethics committee of the University of Magdeburg. In all participants, language processing was lateralized to the left hemisphere as determined by an fMRI paradigm [Bethmann et al., 2007] . Ten additional participants were excluded from the final analysis because their performance was below 75% for each stimulus category (short-long and same-different length as the previous tone, 3 cases) or their head movements during the fMRI measurement were stronger than 2 mm translation and/or 28 rotation across the whole experiment or more than 0.6 mm translation from one volume to the next (7 cases).
Stimuli and Tasks
Harmonic tone complexes served as acoustic stimuli. They lasted 350 or 600 ms including a linear rise/fall time of 10 ms. The tone complexes consisted of five harmonics of decreasing amplitude (100% amplitude for fundamental frequency, 80% for second harmonic, 60% for third, 40% for fourth, 20% for fifth). The frequencies of the fundamentals were 200, 250, 300 . . . 750 Hz resulting in 12 different stimuli for each stimulus duration. The stimuli were created with Matlab (The MathWorks Inc., Natick, MA, USA) and CoolEdit 2000 (Syntrillium Software Corp., Phoenix, AZ, USA).
During a single session, the tones were presented in 25 stimulation blocks of 30 s each, which alternated with 26 blocks of 20 s silence. Within each block of stimulation, 24 tones were presented. The interstimulus interval was 700, 800, or 900 ms in randomized order. Each stimulation block included 12 short tones and 12 long tones in randomized order. The tones within each block were presented either binaurally or monaurally to the right or left ear with or without continuous contralateral white noise. The noise was presented continuously throughout a stimulation block. The amplitude (root mean square) of the noise was 2 dB higher than the averaged amplitude of all tones. The amplitude of the binaurally presented tones was 4 dB lower than the amplitude of the monaurally presented tones to achieve a similar loudness percept. Five blocks for each of the five conditions were presented in pseudorandomized order such that no two consecutive blocks belonged to the same condition.
The same stimuli were presented first in one psychoacoustic session to familiarize the participants with the tasks and to achieve a stable performance during the fMRI measurement. The familiarization should ensure that the participants could assign the sounds to one of the two categories without direct comparison with a previous tone. The fMRI session took place on another day. In both psychoacoustic and fMRI sessions, the participants had to solve two different tasks, each task in a separate run. In the categorization condition, they had to categorize the tones according to their duration (short vs long). The participants had to press a button with their right index finger for a short tone and another button with their right middle finger for a long tone. In the comparison condition, they had to decide for each tone whether its length matched the tone presented before. The participants had to press a button with their right index finger when the present tone had the same length as the tone before and another button with their right middle finger when the present tone had a different length as the tone before. The order of both tasks was balanced across participants.
For stimulus presentation and recording of behavioral responses, the Presentation software package (Neurobehavioral Systems, Berkeley, USA) was used. Before the experiments, the overall stimulus level was adjusted for each participant to a comfortable level and equally loud in both ears. All stimuli were clearly audible during the functional measurements.
Scanning Procedure
The measurements were carried out on a 3 T scanner (Siemens Trio, Erlangen, Germany) equipped with an eight-channel head coil. A 3D anatomical data set of the participant's brain (192 slices of 1 mm each) was obtained before the functional measurement. Additionally, before each functional run, an Inversion-Recovery-Echo-Planar-Imaging (IR-EPI) with the identical geometry as in the functional measurement was acquired. For fMRI, two runs of 609 functional volumes were acquired, each in 20 min and 18 s using a continuous echo planar imaging ( The participants' heads were fixed by a cushion with attached ear muffs containing the fMRI compatible headphones [Baumgart et al., 1998 ]. In addition, the participants wore earplugs.
Data Analysis: Group Analysis
The functional data were analyzed using BrainVoyager TM QX (Brain Innovation, Maastricht, Netherlands). A standard sequence of preprocessing steps, namely, slice scan time correction, 3D-motion correction, linear trend removal, and temporal filtering with a high pass of two sine/cosine pairs per run via a general linear model (GLM) with a Fourier basis set including linear trend removal was performed. The functional data sets were projected to the corresponding IR-EPI-images and then coregistered with the 3D data set. For the group analysis, the data were transformed to Talairach space and spatially smoothed with a Gaussian filter with 4 mm full width at half maximum.
A random-effects analysis (RFX) with a GLM including z-transformed functional data of all 20 participants was performed using the 2-gamma response function implemented in BrainVoyager TM QX. Correction for serial correlation was performed using a second-order autoregressive model [Goebel, 2012] . To identify regions that were especially involved in the processing of the tasks, we searched for an increase in activity due to additional contralateral noise (contralateral noise procedure: Brechmann, 2013a,b, 2015; Angenstein et al., 2016; Behne et al., 2005 Behne et al., , 2006 ). For each task, two conjunction analyses were computed to show the increase in the blood-oxygenlevel-dependent (BOLD) signal due to the additional contralateral noise (t 4, cluster threshold: 150 mm 3 ):
1. Left tones with and without noise > baseline and left tones with noise > left tones without noise. 2. Right tones with and without noise > baseline and right tones with noise > right tones without noise.
The comparison of stimulation with baseline was included to analyze only regions that showed an increase of activity during stimulation.
Additionally, the BOLD signal during binaural presentation of tones was compared directly between the conditions (t 4, cluster threshold: 300 mm 3 ).
Data Analysis: Region-of-Interest Analysis
For the region-of-interest analysis, GLMs for each subject were computed with the preprocessed data of both tasks without transformation to the Talairach space. For each subject, the auditory cortex was defined including planum polare, Heschl's gyrus, Heschl's sulcus, planum temporale, and the anterior part of the supramarginal gyrus according to Brechmann et al. [2002] . Within this area, the activated volume for each condition was determined (t 6; q(FDR) < 0.001). Voxels within the auditory cortex (AC) activated in at least one of the five stimulation conditions of both tasks (t 6; q(FDR) < 0.001) were defined as volume of interest (VOI). Within these VOIs, the mean BOLD-signal intensity change for each condition compared to baseline was computed. The mean of four volumes before each stimulation condition separately was used as baseline for the computation of the signal intensity change for each condition. For analyzing the time course of the BOLD signal within the stimulation blocks, for each condition, the time course of the signal intensity change was averaged and each measured time point was compared between the conditions with and without noise during ipsilateral tone presentation with paired t tests from the beginning of the stimulation until 40 s later.
Data Analysis: Connectivity Analysis
For the connectivity analyses, two seed regions were defined: one in the left and one in the right AC. A conjunction analysis was computed with the assumption that activity during binaural tone presentation was higher than during the silence periods during the categorization and during the comparison task (t 9; without interpolation). This resulted in two clusters of 351 mm 3 each located around Heschl's sulcus (Talairach coordinates, center of gravity: left AC: 247, 221, 7; right AC: 48, 217, 4). These VOIs were used as seeds for RFX Granger causality mapping (version 2.5, plugin in BrainVoyager TM QX, [Roebroeck et al., 2005] ). The directed Granger causality maps (dGCM) were computed for binaural tone presentation for each task. The resulting maps were compared between the stimulation conditions with t tests (t 3; cluster threshold: 200 mm 3 ). Although the TR of 2 s in the current study is not ideal for Granger causality mapping, the analysis shows viable results as shown by a simulation study [Wen et al., 2013] .
RESULTS
Behavior
Hit rates and reaction times (Table I ) of the conditions with monaural tones were subjected to analyses of variance (ANOVAs) with the factors side of presentation (left vs right), noise condition (without vs with contralateral noise), and task (categorization vs comparison).
The ANOVA of the hit rates revealed a significant main effect of side of presentation (F(1, 19) 5 4.9; P 5 0.04) with slightly higher hit rates for presentation to the right (93.8 6 0.8%) than to the left ear (93.2 6 0.9%).
The ANOVA of the reaction times revealed a significant main effect of task (F(1, 19) 5 6.6, P 5 0.02). The reaction times were faster during the categorization (750.3 6 10.4 ms) than during the comparison task (769.4 6 11.9 ms). 
Group analysis
The group analysis revealed that during both tasks the additional contralateral noise increased the activated volume during ipsilateral tone presentation in the left and right auditory cortex (AC; Fig. 1 A and Table II ). This increase in activity due to noise points to the location of task processing (contralateral noise procedure: [Angenstein and Brechmann, 2013a ,2013b Angenstein et al., 2016; Behne et al., 2005 Behne et al., , 2006 ), i.e., both auditory cortices are involved in both tasks. However, during both tasks, the significant increase in activated volume due to the contralateral noise was larger in the left than in the right AC, that is, the left AC was more strongly involved than the right AC in both tasks.
Region-of-interest analysis
The activated volume for the conditions with monaural tone presentation showed the usual contralaterality of activity in the AC, that is, stronger activity on contralateral than on ipsilateral tone presentation (P < 1 3 10 24 ). In accordance with the group analysis, the activated volume during ipsilateral tone presentation was larger during the conditions with noise compared to the conditions without noise during both tasks in the left and right AC (Fig. 1 B , P < 0.005). In addition, the activated volume during binaural tone presentation in both ACs was larger during the comparison than during the categorization task (P < 0.01).
The signal intensity during ipsilateral tone presentation increased due to additional noise presentation during both tasks in both ACs (Fig. 1C and Table III ). This increase occurred at the beginning and after the stimulation. During the categorization task, the increase due to the noise at the beginning of stimulation was present in the left AC from 6 s until 12 s after stimulation block onset and in the right AC from 4 s until 14 s. During the comparison task, the increase due to the noise at the beginning of stimulation was present from 4 s until 14 s after stimulation block onset in the left AC and from 4 s until 10 s in the right AC. 
fMRI: Categorization Versus Comparison During Binaural Tone Presentation
The direct comparison of the binaural tone conditions between the two tasks showed stronger activity during the comparison task than during the categorization task in several brain areas (t 4; cluster threshold: 300 mm 3 , Fig. 2 and Table IV ). A significant difference in the area of the auditory cortex was mainly seen in the left hemisphere.
Connectivity analysis
A direct comparison of dGCMs between the two tasks during the different stimulation conditions showed distinct frontal and parietal regions to be influenced more strongly by the left and right AC VOIs during the comparison than during the categorization task ( Fig. 2 and Table V) . During binaural presentation of tones, the left AC more strongly influenced right than left parietal regions during comparison, whereas the right AC more strongly influenced left than right parietal and frontal regions.
DISCUSSION
Activity in the Auditory Cortex
During both categorization and comparison of harmonic tones according to their duration, contralateral noise increased the activity in the left and right AC during ipsilateral tone presentation. According to the contralateral noise procedure [Angenstein and Brechmann, 2013a ,2013b Angenstein et al., 2016; Behne et al., 2005 Behne et al., , 2006 , these results suggest that the AC in both hemispheres was strongly involved in both tasks. As the effect of the noise was stronger in the left than in the right AC, the results suggest a stronger involvement of the left AC in the processing of the duration of tones. This interpretation is also supported by the higher hit rates during presentation of tones to the right ear than to the left ear. This left-lateralized processing corresponds to several other studies suggesting left-lateralized processing of duration during a categorization Puschmann et al., 2013] or comparison task [Brancucci et al., 2008; Grondin et al., 2011; Mills and Rollman, 1979; Reiterer et al., 2005] . A previous study also showed an involvement of the left and right AC in duration categorization [Angenstein and Brechmann, 2013a] . However, it revealed a stronger involvement of the right than the left AC in this task. This difference could be caused by the use of frequency modulated (FM) tones in that study which may have triggered the automatic processing of the direction of these modulations known to rely on the right AC [Behne et al., 2005; Brechmann and Scheich, 2005] . Similarly, in a previous study, a direct comparison between duration discrimination and discrimination of FM direction on FM tones revealed a stronger involvement of Activity differences during binaural tone presentation between the categorization and the comparison task and regions that were influenced more strongly by the left (black) and right AC (purple) during the comparison than during the categorization task. Stronger activity in the comparison task is shown in red to yellow. Stronger activity in the categorization task is shown in blue (t 4, cluster threshold: 300 mm ]. In the current study, the use of tones without frequency modulations may have revealed the unbiased lateralization of processing of duration to the left AC.
In accordance with previous results Brechmann, 2013a,2015] , the additional noise in the current study has its increasing effect on the signal intensity primarily at the beginning and after the end of the stimulation blocks during both tasks and in the left and right AC. This finding may be exploited to optimize future studies on hemispheric specialization with the contralateral noise procedure by using shorter blocks of stimulation, that is, 15 s instead of 30 s.
The direct comparison of activity between the two tasks revealed stronger activity within the auditory cortex during the comparison than during the categorization task mainly in the left AC. This suggests that the left AC is more strongly involved in the comparison task than in the categorization task. This is consistent with the results of the study with categorization and comparison of intensity [Angenstein and Brechmann, 2015] . In a previous study, we interpreted the increase of activity in the left AC to be caused by the additional demand on sequential comparison required for the comparison task. The same interpretation holds for the present results of increased activity in the left AC during the comparison task. In summary, the increase of activity in the left AC during comparison fits to the suggested role of the left AC in sequential processing [Bradshaw and Nettleton, 1981; Brechmann et al., 2007; Deike et al., 2004 Deike et al., , 2010 Liegeois-Chauvel et al., 1999; Rosenthal, 2016] . The stronger involvement of the left AC in the comparison tasks also fits to the suggested role of mainly the left supramarginal gyrus in auditory working memory Gaab et al., 2003 Gaab et al., , 2006 . The sequential update of the reference tone in memory during the comparison task probably requires stronger involvement of working memory during this task compared to the categorization task.
Activity Differences Outside the Auditory Cortex
Several regions outside the AC were activated more strongly during the comparison than during the categorization task, for example, precentral gyrus, inferior frontal gyrus, insula, inferior parietal lobule, and supplementary motor area (SMA). These regions are suggested to be the key hubs of an intrinsic mode network [Hugdahl et al., 2015] . This network is suggested to be active during cognitive tasks as long as a threshold of cognitive demand is Regions with stronger activity during the comparison than during categorization showed an increase in BOLD signal intensity compared to the silence periods. Regions with stronger activity during the categorization than during the comparison showed a decrease in BOLD signal intensity compared to silence. The rows with grey background belong to three huge clusters and represent local maxima within these clusters. All the regions were influenced more strongly by the seed region during the comparison than during the categorization task. exceeded. In the current study, this network is activated during both tasks, however, more strongly during the comparison task. Longer reaction times during the comparison task than during the categorization task suggest that the comparison task required longer processing times. This probably led to the stronger involvement of this network during the comparison task. Some of the differentially activated regions of the present study were also found in the previous study on intensity comparison [Angenstein and Brechmann, 2015] , that is, medial frontal gyrus, superior temporal gyrus (STG), precentral gyrus, anterior insula, midbrain, and cerebellum. In addition, differences in the current study were found in the inferior frontal gyrus and inferior parietal lobule of both hemispheres which were not observed in the previous study.
As discussed in the previous study, the stronger activity during comparison is probably caused by the additional requirement of sequential comparison in the comparison task compared to categorization task, whereas categorization is required during both tasks. As discussed above, the sequential update of information (reference length) during the comparison task probably more strongly requires working memory capacities than the categorization task.
Many of the regions that showed stronger activity during the comparison task in the current study were shown to be strongly involved during working memory tasks [Linden, 2007; Schulze and Koelsch, 2012] . Some of the frontoparietal regions were suggested to be responsible for allocating sensory attentional resources during duration deviant detection . However, in that study, the activity was right-lateralized, whereas in the current study, the differences in activity were seen in these regions in both left and right hemisphere. A differentiation between the working memory components and attentional components is difficult as the prefrontal-parietal networks underlying working memory and selective attention substantially overlap [Diamond, 2013] . Activity during duration discrimination in frontal-parietal regions including SMA in both hemispheres was also seen in the study by Reiterer et al. [2005] . In this study, a comparison component was also present as the duration of tones within pairs had to be compared. However, the reference length was always the same, whereas in the current study, the reference duration sequentially changed.
Several regions that were stronger activated during the comparison than during the categorization task are frequently reported to be activated in temporal discrimination tasks (sound duration and interstimulus interval tasks) [Coull et al., 2011; Henry et al., 2015; Schwartze et al., 2012; Wiener et al., 2010] . These regions are temporal cortex, inferior parietal lobule, SMA, inferior frontal gyrus, dorsolateral prefrontal cortex, supramarginal gyrus, basal ganglia, insula, and cerebellum. From a metaanalysis of timing specific activation, Wiener et al. [2010] suggest that among these regions, the right inferior frontal gyrus and bilateral SMA are the core regions for mediating timing because these regions are activated across different interval ranges, modalities, and task demands.
In the current study, the temporal structure of the presented stimuli and the demand on temporal processing, that is, determining the duration of each stimulus are identical for the two tasks. Thus, this temporal aspect of our tasks cannot explain the increased activity in the comparison compared to the categorization task. As, however, the activity in some of the regions (e.g., SMA, insula, inferior parietal lobule, dorsolateral prefrontal cortex, striatum) have been shown to increase with task difficulty [Henry et al., 2015; Tregellas et al., 2006] , the present results could be related to task difficulty in temporal tasks in general because we found longer reaction times during the comparison than during the categorization task. However, it seems difficult to differentiate activity related to timing functions or differences in task difficulty, as the reported regions largely overlap [Henry et al., 2015] . As the requirement on temporal processing is the same for the categorization and comparison task, the explanation for differences in activity due to differences in task difficulty is more likely.
Connectivity Differences Between Categorization and Comparison
To show how the regions outside the AC are connected with the AC, we performed Granger causality mapping with seeds within the left and right AC. Distinct parietal (supramarginal gyrus, transition between Brodmann area 7, 19, 39) and frontal regions (middle frontal gyrus, precentral gyrus) were more strongly influenced by the left and right AC in the comparison than in the categorization task, that is, the presence of stronger directed connectivity. This result fits to the view of the potential higher task demand due to the sequential comparison. The higher task demand including working memory and attention probably requires stronger connectivity between auditory cortex areas and frontal and parietal regions. The direction of influence from the AC to frontal and parietal regions is to be expected as the AC is the first main cortical processing stage for auditory input. During binaural tone presentation, the left AC is more strongly connected with right than with left parietal regions during comparison than during categorization and the right AC is more strongly connected with left than with right parietal and frontal regions. This suggests that during comparison a stronger connectivity between the left and right hemisphere is required than during categorization. We observed the largest difference in connectivity between categorization and comparison in the left precentral gyrus that was strongly influenced by the right AC. This means that a stronger connectivity between the right AC and the region responsible for the motor response is required during comparison than during categorization. This can be explained by a more difficult response selection (longer time for decision) during comparison than during categorization. In contrast r Active Processing of Sound Duration r r 4467 r to the stronger connection of the right AC with this region, the connection of the left AC to this region does not seem to vary between the two tasks. The stronger influence of the right AC on the left precentral gyrus during comparison is probably related to a stronger need for an interaction between the left and right hemisphere during the comparison in contrast to the categorization task. The left parietal lobe at the border between Brodmann areas 7, 19, 39 and the right supramarginal gyrus seem to be important during the comparison task as both regions are influenced more strongly during the comparison than during the categorization task by both the left and right AC. The left precentral gyrus and the left parietal lobe were also identified to be important for the comparison task by the direct comparison of activity between the two tasks. However, the right supramarginal gyrus did not show a significant difference in activity between the two tasks. Nevertheless, the activity in this region seems to be influenced more strongly by the left and right AC during the comparison than during the categorization task during binaural tone presentation. This could point to a special involvement of this region during the comparison task. In previous studies, the left but also the right supramarginal gyrus were shown to be involved during tonal working memory [Gaab et al., 2003 [Gaab et al., , 2006 .
CONCLUSION
The results suggest that both categorization and comparison of harmonic tones according to their duration more strongly involve the left than the right auditory cortex. This effect increases in the comparison condition as it poses a higher demand on sequential processing than does the categorization. Together with previous studies, this suggests that the addition of sequential comparison during processing of different basic acoustic parameters strongly recruits the left auditory cortex together with several brain areas related to processes of working memory and attentional control. The additional demand on working memory and attentional processes during sequential comparison is probably caused by the sequential update of the reference in memory.
